AbstrAct
Objective To determine whether patients with paroxysmal atrial fibrillation (AF) are less likely to be treated with anticoagulants than patients with persistent/permanent AF and to investigate trends in treatment between 2000 and 2015. UK and European guidelines recommend that anticoagulants are offered to all patients with AF at increased risk of stroke, irrespective of AF type. Methods Sixteen sequential cross-sectional analyses from 2000 to 2015 were carried out with index dates on 1st of May each year. The data source was primary care data from 648 practices across the UK contributing to The Health Improvement Network database. All patients with a diagnosis of AF aged ≥35 years and registered for at least 1 year were included. The main outcome measure was prescription of anticoagulant medication. results The proportion of patients with AF with a diagnosis of paroxysmal AF increased from 7.4% (95% CI 7.0 to 7.8) in 2000 to 14.0% (95% CI 13.7 to 14.3) in 2015. Among patients with a CHADS 2 score of ≥1, between 2000 and 2015 the proportion prescribed anticoagulants increased from 18.8% (95% CI 16.4 to 21.4) to 56.2% (95% CI 55.0 to 57.3) and from 34.2% (95% CI 33.3 to 35.0) to 69.4% (95% CI 68.9 to 69.8) in patients with paroxysmal and other (persistent/ permanent) AF, respectively; RR for treatment of patients with paroxysmal AF compared with patients with other AF increased from 0.48 (95% CI 0.42 to 0.55) to 0.76 (95% CI 0.74 to 0.77). Adjusting for age, sex, Townsend score and presence or absence of contraindications had little effect on the results. conclusions In 2000, eligible patients with paroxysmal AF were half as likely to be treated with anticoagulants as patients with other AF; this has improved over time, but in 2015, eligible patients with paroxysmal AF were still around 20% less likely to be prescribed anticoagulant medication.
IntrOductIOn
Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia and a major global public health problem. It is associated with a fivefold increase in risk of stroke, increased incidence of congestive heart failure and higher mortality. 1 Recurrent AF is either labelled 'paroxysmal' when it is self-terminating or 'persistent' when it lasts more than 7 days or is terminated earlier using either pharmacological means or direct current cardioversion; AF is defined as permanent when cardioversion fails to restore normal heart rhythm. 2 Evidence varies regarding the similarity in stroke risk between patients with paroxysmal, persistent and permanent AF: some studies have shown comparable stroke risk, while others suggest that risk may be lower in patients with paroxysmal AF. [3] [4] [5] [6] [7] [8] Nevertheless, patients with paroxysmal AF remain at an elevated risk of stroke relative to patients without AF. Within 1.5 years, over a fifth of patients with paroxysmal AF progress to permanent AF. 9 10 Prophylactic treatment of AF with anticoagulants reduces risk of stroke by approximately two-thirds. [11] [12] [13] [14] [15] Current UK and European guidelines recommend that anticoagulants are offered to all patients with AF with a CHA 2 DS 2 -VASc score of ≥2 and are considered for men with a CHA 2 DS 2 -VASc score of 1, regardless of whether the pattern of AF is paroxysmal, persistent or permanent, or the duration of AF. 1 16-18 Recent data from two international studies, the GARFIELD Registry and the GLORIA-AF Registry, indicate that anticoagulant therapy is not consistently prescribed across AF categories, with lower rates of use in patients with paroxysmal AF than in those with persistent or permanent AF. [19] [20] [21] The aim of this analysis was to determine whether patients with paroxysmal AF are less likely to be treated with anticoagulants than patients with persistent or permanent AF in the UK and to investigate trends in treatment between 2000 and 2015.
To date, this question has not been addressed in a UK primary care setting.
MethOds data source
Analysis was performed using data from The Health Improvement Network (THIN), an anonymised database of electronic medical records from UK general practices using Vision software. The version of the THIN database used in this study (THIN1505) included primary care data for approximately 14.0 million patients at 648 practices across the UK. General practices were eligible for inclusion in the study from the latest of: the practice acceptable mortality recording date, 22 the Vision installation date and the study start date (1 year prior to the first index date).
study design
Sixteen sequential cross-sectional analyses were carried out with index dates on 1st of May each year from 2000 to 2015. All analyses were conducted using StataIC V.13. Data were not used prior to 2000 as there were fewer practices and
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The study population included all patients with a diagnosis of AF aged 35 years and over on the index date who were registered at least 1 year prior to the index date. The exposure was a diagnosis of paroxysmal AF, with all other types of AF (persistent or permanent AF, hereafter referred to as 'other AF') as the comparator group. Outcome was treatment with anticoagulants.
Analysis
The proportions of patients with paroxysmal AF and other AF prescribed anticoagulants on each index date were calculated, with 95% CIs; p values for trends in treatment between 2000 and 2015 were calculated using χ 2 tests. Patients were stratified according to eligibility for anticoagulant treatment: in primary analysis, this was defined according to CHADS 2 score (≥1), since CHADS 2 score has been in use for a longer period of time than CHA 2 DS 2 -VASc score 23 24 ; in sensitivity analysis, eligibility was defined according to CHA 2 DS 2 -VASc score (≥1). Crude and adjusted risk ratios (RR) were calculated on each index date. RRs were calculated using Cox regression, setting follow-up time to 1 for all patients, using the Breslow method to break ties and using the robust variance estimator 25 ; RRs were adjusted for age and sex only, and for age, sex, Townsend score, CHADS 2 score and presence of any contraindication.
definitions of variables
AF was defined as a clinical code for atrial fibrillation or atrial flutter recorded ever prior to the index date, excluding patients with a clinical code indicating AF resolved recorded on or after the last recorded AF clinical code and prior to the index date. Patients were categorised as having paroxysmal AF if the last AF clinical code prior to the index date indicated paroxysmal atrial fibrillation or paroxysmal atrial flutter; otherwise patients were categorised as having other (persistent or permanent) AF. Current anticoagulant treatment was defined as a record of a prescription for any anticoagulant drug (including warfarin, parenteral anticoagulants, other vitamin K antagonists and new oral anticoagulants) within 90 days prior to the index date or a clinical code indicating provision of anticoagulant therapy within 365 days prior to the index date.
CHADS 2 scores were calculated by adding one point for a history of congestive heart failure, hypertension, age ≥75 and diabetes, and two points for a history of stroke or transient ischaemic attack (TIA). CHA 2 DS 2 -VASc scores were calculated by adding one point for a history of congestive heart failure, hypertension, diabetes, vascular disease, age 65-74 years and female sex (if another risk factor was present, otherwise 0), and two points for age ≥75 and history of stroke, TIA or thromboembolism. History of congestive heart failure, stroke, TIA, thromboembolism, vascular disease and diabetes were defined by a relevant clinical code recorded ever prior to the index date, excluding patients with a clinical code indicating diabetes resolved recorded after the last recorded diabetes code and prior to the index date; hypertension was defined as a current (previous 90 days) prescription of antihypertensive drugs or the mean of the three most recent systolic blood pressures in the last 3 years ≥160 mm Hg.
Contraindications to anticoagulants were defined as a clinical code within the 2 years prior to the index date of peptic ulcer, intracranial, intraocular or retroperitoneal bleeding, bleeding disorders, haemorrhagic stroke, oesophageal varices, aneurysm, or proliferative retinopathy; a clinical code recording allergy or adverse reactions to anticoagulants ever prior to the index date; a clinical code indicating pregnancy in the 9 months prior to the index date; or severe hypertension with a mean (of the three most recent measures in the last 3 years prior to the index date) systolic blood pressure of >200 mm Hg or diastolic blood pressure of >120 mm Hg.
results
A total of 179 343 of the 4 419 659 patients eligible for inclusion in the study between 2000 and 2015 had AF. As an individual could contribute to the analysis in more than 1 year, the analyses consisted of a total of 848 852 records of patients with AF. The proportion of patients with AF with a diagnosis of paroxysmal AF increased from 7.4% (95% CI 7.0 to 7.8) in 2000 to 14.0% (95% CI 13.7 to 14.3) in 2015, an increase in prevalence from 0.14% (95% CI 0.13 to 0.15) to 0.43% (95% CI 0.42 to 0.44). Baseline characteristics of patients with paroxysmal AF and patients with other AF (persistent/ permanent) are shown in table 1. Across all years, in patients with paroxysmal AF compared with patients with other AF, the mean age was 4.5 years (95% CI 4.4 to 4.6) lower; 6.4% (95% CI 6.1 to 6.7) fewer were males; mean CHADS 2 score was 0.43 (95% CI 0.42 to 0.44) points lower; 1.6% (95% CI 1.4 to 1.8) fewer were in the most deprived Townsend quintile; and 0.5% (95% CI 0.4 to 0.7) fewer had one or more contraindications to anticoagulants.
Over the 15-year period studied, the proportion of patients with paroxysmal AF prescribed anticoagulants increased from 16.0% (95% CI 14.0 to 18.2) to 50.7% (95% CI 49.6 to 51.8), while the proportion of patients with other AF prescribed anticoagulants increased from 33.5% (95% CI 32.7 to 34.3) to 67.1% (95% CI 66.6 to 67.5). Among eligible patients only, defined as those with a CHADS 2 score of 1 or more, the proportion of patients with paroxysmal AF prescribed anticoagulants increased from 18 
dIscussIOn
Paroxysmal AF is becoming more commonly recorded as a diagnosis in UK primary care. Patients with paroxysmal AF are less likely to be treated with anticoagulants than patients with other AF: in 2000, patients with paroxysmal AF who were eligible for treatment were almost half as likely to receive anticoagulants as patients with other AF, and while this has been steadily improving over the last 15 years, patients with paroxysmal AF continue to be around 20% less likely to receive anticoagulants than patients with other AF. This holds true after adjusting the data for age, sex and other potential confounders. The absolute anticoagulant treatment gap for paroxysmal AF remained relatively constant between 2002 and 2012 at around 20%; in recent years, this gap has narrowed but remains around 13%.
These results are consistent with findings from studies carried out in the USA among hospital outpatients with AF, in which patients with paroxysmal AF were found to be around 20% less likely to receive oral anticoagulants than patients with persistent/permanent AF after adjusting for potential confounders. 26 27 Similar results were also found in a study of patients with AF admitted to hospital in Greece, 28 and in the Euro Heart Survey on AF, an observational study of patients with AF attending hospital in the ESC member countries (including the UK). 29 No comparable studies using primary care data in the UK are known to the authors.
ESC guideline-adherent antithrombotic management is associated with significantly better outcomes, including those related to mortality, thromboembolism, stroke and TIA. 30 Current treatment practice does not appear to closely follow published treatment guidelines, 31 which most likely results in elevated levels of preventable ischaemic stroke among patients with paroxysmal AF, even more so than in the wider AF population, leading to greater morbidity, mortality and overall cost to healthcare systems. 32 33 Further research is needed to establish whether the difference in treatment between patients with paroxysmal AF and patients with other AF is the result of lower levels of treatment initiation by clinicians or whether patients with paroxysmal AF are more likely to stop their treatment and to explore reasons why this is the case. 20 This will facilitate the development of methods to improve guideline adherence and/or uptake of anticoagulant prophylaxis, leading to improved outcomes for patients with paroxysmal AF. 
strengths and limitations
This study uses a large dataset that is representative of the AF population in UK primary care and includes recent data up to 2015. The dataset comprises routinely collected data used by general practitioners to make clinical decisions.
It is possible that AF type could be misclassified, as some cases of paroxysmal AF may be recorded under a non-specific AF clinical code; however, this is more likely to dilute rather than inflate observed effect sizes. Treatment may be under-reported if patients are prescribed anticoagulants by their hospital; however, most anticoagulants are prescribed in primary care, and most secondary care prescriptions should be captured by anticoagulant/international 
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normalized ratio (INR) monitoring clinical codes, so under-reporting is likely to be minimal.
cOnclusIOn
Patients with paroxysmal AF are less likely to be treated with anticoagulants than patients with persistent or permanent AF. This difference is not explained by differences in patient demographics, stroke risk or contraindications. The question remains as to whether the difference in treatment between patients with paroxysmal AF and patients with other AF is the result of lower levels of treatment initiation by clinicians or whether patients with paroxysmal AF are more likely to stop their treatment, and to explore the reasons why.
Key messages
What is already known about this subject? Patients with paroxysmal atrial fibrillation (AF) are at an elevated risk of stroke. Guidelines recommend anticoagulants for patients with paroxysmal AF.
What might this study add?
In 2000, patients with paroxysmal AF were half as likely to be prescribed anticoagulants as those with permanent AF. In 2015, patients with paroxysmal AF were 20% less likely to be prescribed anticoagulants as those with persistent/permanent AF.
how might this impact on clinical practice?
The treatment of paroxysmal AF in UK primary care.
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